Regulation of podosomes by integrin alphavbeta3 and Rho GTPase-facilitated phosphoinositide signaling.
In osteoclasts, polyphosphoinositides such as phosphatidylinositol 4,5 bisphosphate (PI(4,5)P2) and phosphatidylinositol 3,4,5 trisphosphate (PI(3,4,5)P3) are produced in response to integrin alphavbeta3 signaling and they have a critical role in actin cytoskeleton remodeling. The levels of PI(4,5)P2 and PI(3,4,5)P3 are regulated by Rho GTPase through the activation of phosphatidylinositol 4-phosphate 5-kinase (PI4P-5 kinase) and phospatidylinositol 3-kinase (PI3 kinase), respectively. Interaction of PI(4,5)P2 with gelsolin and Wiscott-Aldrich syndrome protein (WASP) is critical for podosome assembly/disassembly and actin ring formation in osteoclasts. Interaction of PI(3,4,5)P3 with gelsolin functions in orchestrating the podosome signaling complex consisting of several key signaling molecules. Gelsolin deficiency has been shown to block podosome assembly and motility in mouse osteoclasts. However, these osteoclasts are able to form a WASP-containing actin ring and retain their resorptive function. The TAT-mediated delivery of gelsolin phosphoinositide-binding domains into osteoclasts resulted in production of podosome clusters and disruption of actin ring formation. Hence, these osteoclasts were hypomotile and less resorptive. Our observations suggest that both PI(4,5)P2 and PI(3,4,5)P3 are involved in regulating osteoclast functions through modulation of severing, capping, and nucleating functions of actin-binding proteins.